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1 
The pçesent invention relates to valves and 
particularly fo valves of the throttling or pres- 
sure regulating type. 
Among the objects of the invention are fo im- 
provethe accuracy and reduce the manufactur- 
ing costs of pressure regulating valves. 
Another object, in combirmtion with a cylinder 
and a piston or valve guide means, is fo provide a 
novel piston or valve structure having more effec- 
tive cooperation between the guide and the cyl- 
inder. 
Other objects are fo provide a valve which re- 
duces leakage, compensates for discrepancies of 
dimensions and avoids the necessity for having 
close tolerances between ifs parts, and bas novel 
spring tension adjusting means. 
Another object is to provlde a novel multl- 
stage pressure regulating unit, as by a plurality 
of single-stage valves designed for coupling fo- 
gerber as components of the unit. 
Another obect ls fo provide a regulating valve 
which is simple and durable in construction, and 
effective in ifs operation. 
The above and other objects and features of 
the invention will appear more fully hereinafter 
from a consideration of the following description 
taken in connection with the accompanylng 
drawing wherein two embodiments of the inven- 
tion are illustrated by way of example. 
The term "pressure" is employed herein te 
mean either super-atmospheric pressure or sub- 
atmospheric pressure, except as speciflcally men- 
tioned as one of such pressures. 
 In the drawing: 
Figure 1 is a side view in section of a super- 
pressure regulating valve constructed in accord- 
ance with the invention; 
Figure 2 is a similar view of a sub-atmospheric 
or suction regulating valve constituting a modi- 
fication of the invention; and 
Figure 3 is a diagram of a plurality of the valves 
of Figure I coupled in series or tandem te make 
up the aforesaid muIti-stage unit. 
Corresponding parts are designated by corre- 
sponding reïerence characters in each of the 
figures. 
In Figure 1, a valve 9 constltuting one example 
and combination of the invention comprises a 
tubular lrmer guide ! 0 including a body 12 having 
an internally screw threaded system inlet end 
4, and an opposite-end extension [6 of less di- 
ameter than the body  2 having an intermediate 
shoulder 16 delïning il-mer and outer extension 
lengths 29 and 22, respectively, the outer length 
25 having axially offset side ports 24 and f6, re- 
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spectively, a partition 2§ between the ports 24 and 
26, and annular gasket-like shim means 28 sur- 
rounding the extension [6 next fo the body 
A tubular housing 3{}, having vent holes 32 and 
5 telescoping the body ,2 in tight-fltting relation 
thereto, is adapted for connection fo an instru- 
ment, such as a turn-and-bank indicator, for 
which it includes a system-outlet tube-receiving 
ind 34 having a wall element 36 transversely of 
10 the guide '0 spaced axially beyond thè oUter ex- 
tension length 22, by the distance of a gap 33, 
and having a tapered outWardly converging 
counterbore 4{}. Means, in this instance a ream- 
through press-in pin 42, interconnects the body 
15 '2 and the housing 30 across the inlet 
The ends '4 and 34 are adapted fo direcfly 
ceive tube or conduits of a system where the 
valve is employed singly. The ends '4 and 
are also complemental te the ends 34 and '4, re- 
20 spectively, of other similar valves for purposes of 
the unit of Figure 3, as will further appear. 
A valve sleeve element 44 comprises, in this 
instance, opposite-end bearings 46 and 43, axially 
slidably journaled, and forming an annuiar tubu 
25 lar or cylindrlcal space §0 axially between the 
bearings 46 and 43 around the outer extension 
length 22, and includes an outer-end ànnular 
flange §2 of substantially less outer diameter 
than the inner diameter of the houslng or cylln- 
30 der -9, as by the distance .of .a gap §3. The 
sleeve 44 aiso has, in this case, an annular outer 
groove §4.  
A closed or solid ring §6 renders the sleeve 
a piston, or acts as a piston head, with the sleeve 
3 corresponding fo a piston rod, and the ring 
closely slidably fitting the cylinder or houslng 30, 
radially spaced, as by a substantial distance 
outwardly from the sleeve 44 about the latter. 
Spring means 6{} surrounds the extension 
4 and the sleeve 44 under compression between the 
closed ring §6 and the shim means 26 for control- 
ling valve actions of the sleeve or valve elemënt 
44, and holding the closed ring §6 ai one end in 
fluid-tight relation fo the flange §2. In this 
45 instance, a snap ring 62 mounted in the groove 
§4, is adapted to axially hold the closed ring 
at its other end in case of binding of the ring 
in the bore of the cylinder -0 whfle the ring §6 
is moving from Ieft to right, as viewed in Figure 1. 
50 The clearance 66 permits the ring 6 t0 assume 
any required radial position within limits. One 
of the wall and sleeve elements 6 and 44, respec- 
tively, in this case the latter, bas axialIy extend- 
ing means or lugs $ limiting m0vement of the 
$ piston or valve sleeve 4 toward the wall 36. 
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The replaceable shims 28 are placed between 
the spring 611 and the body l to permit accurate 
pressure adjustment before final assembly, and to 
compensate for small variations in spring char- 
acteristics during production. 
Leakage between the piston ring 58 and the 
piston flange 52 is prevented by virtue of the fact 
that the adjacent end face ol the ring is always 
held in close contact with tlEe flange by the spring 
611 and the fiuid pressure. 
In ordinary constructions, extreme accuracy 
would be required in holding concentricity of the 
two valve guide diameters 68 and 88 and the 
inner and outer piston diameters, and the fit of 
the valve guide I@ in the housing 
In operation: 
With the part, s in the positions shown, fiuid 
from the let, or upstream, side o the device 
enters the inlet end |4and passes tlrough the 
ports 24 the cylindrical space 511 and the ports 25 211 
to the system to the right of the ourlet end 34 
When the pressure in the system rises to a 
value determined by the setting of the spring 5{1, 
the sleeve valve, of wlich the piston 55 is a part, 
will more fo the left by pressure in the gap 311 
against the action of the spring 811 fo gradually 
constrict the areas of the ports 25 until the pres- 
sure in the ourlet 4decreases su/Iiciently fo stop 
or cause reverse movement of the piston. 
By selecting the 0rce and rate value of the 
spring 51, the pressure in the sYstem represented 
by the pressure in the gap 3! opposite the count- 
erbore 41 is limited to a predetermined value. 
In Figure 2, a suction valve  constituting a 
modification of the device ol Figure 1, is similar 
thereto with certain exceptions, such as that 
wherein the extension | 5 has only one port or set 
of ports 74and a partition 78 af the free end 
thereo. The slims 2! are against the wall 
instead of the body |, and the sleeve 4extends 40 
in reverse direction. The shoulder 8 o Figure 
1, wlich is adapted to limit movement of the 
sleeve 4 fo the let in that figure under super 
fluid pressure, is omitted in Figure 2, since the 
sleeve 4 in the latter figure, is urged to the left 
against the body |2 under pressure of the 
spring 511. 
In each Iorm, the closed ring 55 is mountable 
over one end of the sleeve 4to position beyond 
the groove 54from such end against the fiange 
The operation is similar, but reverse, in that 
suction rom the right o the device tlrough the 
ports 74 as indicated by Figure 2, draws the pis- 
ton, marie up of the sleeve 44 and the ring 55, fo 
the right against the spring 611 to tlrottle the 
ports  and stabilize the system ata preselected 
value. 
Figure 3 indicates two of the valves of Figure 
1 adapted as series connected components of a 
multi-stage unit !1 where extreme accuracy is 
desired over a large inletpressure range, with one 
of the components designated as A and the other 
as B. 
The flrst stage component A has a heavy spring 
511H and effects large step regulation of pressures 
higher than the desired ultimate regulation 
efected by the second stage comportent B, which 
bas a light spring 66L. The first stage A thus 
may be designated as a "buffet" stage for the 
second, stage B, and the latter classified as a 70 
"vernier" adjuster relative fo the stage A in ob- 
taining the final result. 
The unit 88 operates such that a pressure Pa at 
the inlet end of A may vary as from 3 fo 90 
pounds per square inch gage, with the spring 

4 
811H set fo regulate Pb to 5 p. s. i. g.±2. The 
spring 11L may be set fo hold Pc fo 2.0___0.1 in Hg. 
gage, with one turn-and-bank indicator alone, or 
two turn-and-bamk indicators connected in 
parallel. 
Although only three embodiments of the in- 
vention bave been illustrated and described, 
various hanges in the form and relative ar- 
rangements of the parts may be marie fo suit 
requirements. 
What is claimed is: 
1. A valve comprising, in combination, a tubu- 
lar guide including an inlet body end and an op- 
posite-end tubular extension of less diameter 
than the body and Iormed integral therewith, 
said tubular extension having axially offset side 
ports nd a partition between the ports, annular 
shim means surrounding the extension next to 
the body, a vented tubular housing forming a 
cylinder and telescoping the body, a pin fasten- 
ing the body in said housing, said housing 
cluding a system-outlet end having a wall ele- 
ment transversely of the guide spaced axially 
beyond said outer extension length and having 
tapered outwardly converging counterbore, a 
valve sleeve element comprising axially-spaced 
bearings axially slidably journaled on said 
tension, and forming a space between the bear- 
ings, around said outer-extension length and in- 
cluding a radially-outer annular flange of sub- 
stantially less outer diameter than the inner di- 
ameter of the cylinder and an annular outer 
groove, a closed ring rendering the sleeve a piston 
and closely slidably fltting the cylinder radially 
spaced outwardly substantially from the sleeve 
about the latter, spring means surrounding the 
extension and the sleeve under compression be- 
tween said closed ring and the slim means hold- 
ing the closed ring af one end against the fiange, 
and a snap ring in the groove adapted fo axially 
hold the closed ring ai ifs other end, one of said 
elements having axially extending means 
gageable with the other of said elements Ior 
limiting movement of the sleeve toward the wall 
fo thereby define a pressure chamber between 
the end of said sleeve and said wall, and said 
valve sleeve element cooperating with af least 
one of said offset side ports ïor regulating the 
same in response to the fluid pressure af said 
ourlet end. 
2. In combination, a tubular valve guide 
cluding an inlet body end and an ourlet end ex- 
tension of less diameter than the body having a 
partition and side ports at opposite sides of the 
partition, a vented tubular housing telescoping 
the body and forming a cYlinder, means securing 
the body in said housing, said housing having a 
lateral ourlet-end wall, a valve sleeve comprising 
axially spaced bearings adapted fo tlrottle said 
ports and slidably journaled on said extension, 
and forming a space between the bearings to 
regulate flow rom said inlet fo said ourlet, said 
bearings communicating with said side ports 
around the guide and including a radially outer 
annular fiange of substantially less diameter 
than the inner diameter of the cylinder and an 
annular outer groove spaced axially from the 
flange, a closed ring closely slidably fltting the 
cylinder radially outwardly spaced substantially 
from the sleeve about the latter with one end 
next fo the flange, a snap ring in the groove 
adapted fo axially hold the closed ring af 
other end, carried by said sleeve for limitlng 
movement of the piston toward the wall fo there- 
by deflne a pressure chamber between the end of 
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the sleeve and the wall, and spring means sur- 
roundlng the extension under compression be- 
twëen the body and the valve opposing the more- 
ment of said valve tending to throtrle said side 
ports, the arr«ngement providing for the recep- 
tion of spring-adjusting shim means atone end 
of the spring. 
3._ In combination, a tubular valve guide comb 
pristng a body including an in]et end and an out. 
let. end extension of less diameter than the body 
having a partition and side ports ai opposlte sides 
of the partition, R vented tubular cylinder hous- 
ing telescoping the body, means securing the 
body in said housing, iaid housing having a 
lateral ourlet-end wall, a valve sleeve comprising 
axia/ly spaced bearings adapted fo throttle said 
ports fo regulate flow from said inlet fo said out- 
let, said bearings slidably journaled on said ex- 
tension, and forming a space between the bear- 
ings commurdcated with sa/d side ports around 
the guide and including a radially outer annular 
flnge of substantially less diameter than the 
inner diameter of the cylinder and an annular 
outer groove spaced axially from the flange, a 
closed ring closely slidably fltting the cylinder 
radial]y outwardly-spaced substantia]ly from 
the sleeve about the latter and having one end 
next fo the flange, a snap ring in the groove 
adapted fo axia]ly ho]d the closed ring at its 
other end, means operable between the end of 
said sleeve and said wall for limiting movement 
of the piston toward the wall to thereby provide 
a pressure chamber between the end of the sleeve 
and said wall, spring means surrounding the ex- 
tension under compression between the body 
and the valve opposing the movement of said 
va/ve tending fo throttle said ports, and means 
for adjusting the spring compression and there- 
by the setting of said regulating valve. 
4. In combination, a tubultr valve guide com- 
prlsing a body including a 9.uid in]et end and a 
fluid outlet end extension of less diameter than 
the body having a partition and side ports af op-.. 
posite sides of the partition, a vented tubular 
housing forming a cylinder te!escoping the body, 
means securing the body in sald housing, said 
housing having a lateral ourlet-end wall, a vlve 
sleeve comprising axially spaced bearings adapted 
fo throtrle said side ports to regulate flow from 
said inlet fo sa/d ourlet, sa/d bearings slidably 
journaled on said extension, and forming a space 
between .the bearings commun]cating with s«id 
side ports around the extension and including a 
radially outer annular flange of substantially less 
diameter than the inner diameter of the cylinder 
and an annular outer groove spaced «xially from 
the flange, a closed ring closely slidably fitted 
in the cylinder radially outwardly spaced sub- 
stantially from the sleeve about the latter with 
one end of the ring next to the fiange, a snap ring 
in the groove adapted te axially hold the closed 
ring af its other end, means carried by said sleeve 
for limiting movement of the piston toward the 
wall to thereby provide a pressure chamber 
tween the end of said sleeve and said wall, and 
spring means under compression between the 
body and the valve and biasing the valve in op- 
position to the fluid pressure tt the ourlet end 
so as to regulate sa/d side ports to offset a pre- 
determined ourlet fluid pressure. 
5. In combination in a valve, a structure 
cluding a housing forming a cylinder and having 
in]et and outlet means and a port to atmospheré, 
a tubular guide having a bore, said tubular guide 
positioned between the in]et and the ourlet in 

the cylinder and having a partition across the 
guide bore and side-wall port means, a sleeve 
valve slidable On the guide between positions 
. varying the ftow through the port means and 
5 comprising a radi«lly extending outer annular 
flange positioned in spaced relation to the inner 
surface of the cylinder, a Closed ring closely slid- 
ably fitting the inner cylinder surface but radially 
outwardly spaced from the sleeve within the oute 
10 përimeter of the flange about the sleeve, said 
cylinder port te atmosphere opening af one side 
of said ctosed ring, and piston metns responsive 
to the atmospheric and ourlet pressures to move 
said sleeve valve along said guide in regulating 
15 Said pórt means inc!uding spring means biasing 
the closed ring against the flange. 
6. In a fluid-pressure regulating unit, the com- 
bination comprising a tubul«r guide having a 
bore, said tubular guide including a partition 
°-o across its bore and side-wall port means, a tubú- 
lar housing forming a cylinder and enclosing the 
guide, said tubutar housing having inlet and out- 
let means and a port fo atmosphere, a valve sleeve 
slidably mounted on the guide thereabout 
es adapted to vary the flow through the port means 
and including  radially extending outer annular 
flange positioned in spaced relation fo the inner 
surîace of the cylinder and an annular outer 
groove, a closed ring rendering the sleeve a piston 
3 and closely slidably fitting the cylinder radia/ly 
spaced outwardly rom the sleeve about the latter, 
said cylinder port to atmosphere opening atone 
side of said closed ring, said valve sleeve piston 
movable Rlong said guide in response to the 
' atmospheri c and ourlet pressures to regulate sa/d 
port means, spring means for biasing said valve 
sleeve piston in opposition to one of said pres- 
Sures and holding the closed ring af one side 
aginst the ftange, a snap ring in the groove at 
,m the other side of the closed ring adapted to hold 
the latter axially. 
7. In combination, a  Structure including a 
housing forming a cylinder having fluid pressure 
nlet and Ourlet means and a port to atmosphere, 
.:: a guide having fluid port means opening from 
said in]et fo said ourlet means,  piston sleeve 
slidable on the guide in response fo the atmos- 
pheric and ourlet pressures fo regulate said port 
means and comprising an outer annular groove 
 and a radially outer flange positioned in spaced 
relation fo the inner surface óf the cylinder, a 
closed ring having one side next to the ftange 
and closely slidably fitting the inner cylinder sur- 
face but radia/ly outwardly spaced rom the 
 . sleeve within the outer perimeter of the ftange 
about the sleeve, a snap ring in the groove at the 
Opposite side o the closed ring, sa/d port fo 
atmosphere suloplying atmospheric pressure to a 
side of said closed ring, said ourlet fluid pressure 
means opening fo the opposite side of said closed 
ring, and means including a spring acting aga/nst 
the closed ring fo hold the latter aga/nst the 
flange and prevent leakage between the flange 
and the closed ring while effecting movement of 
the sleeve along the guide in opposition to the 
pressure af one side of sa/d closed ring for regu- 
!ating the port means. 
8. In combination, a structure including a 
!]ousing forming a cylinder having fluid pressure 
in]et and ourlet means and a port fo atmosphere, 
a guide having a fluid ourlet port opening from 
said in]et to said ourlet means, a piston sleeve 
slidable on the guide in response fo the atmos- 
pheric and ourlet pressures to regulate the fluid 
ourlet port and comprising a radially extending 
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odter annular flange positioned in spaced rela- 
tion to the inner surface of Rhe cylinder, a closed 
ring having one side nexR to Rhe flange and closely 
slidably fltting the inner cylinder surface but 
radially ouRw«rdly spaced from the sleeve wiRhin 
the outer perimeter of the flange about the sleeve, 
said port to atmosphere supplying atmospheric 
pressure to a side of said closed ring, said ourler 
means opening at Rhe opposite side of said closed 
ring, means on Rhe sleeve adapted to axially hold 10 
the ring aR Rhe opposite side of the ring, and 
means including a spring acting againsR the 
closed ring to hold the latter against the flange 
while moving the sleeve in opposition to Rhe pres- 
sure atone side of said closed ring along the 15 
guide in regulating the fluid ourlet port. 
9. In combination, a structure including a 
housing forming a cylinder having fluid pressure 
in]et and ourler means and a port to another 
fluid pressure, a guide having « fluid port means 20 
opening from said in]eR to said ourlet means, a 
piston sleeve slidab!e on the guide in response to 
said ourlet and other fluid pressures, to regulate 
said port means and comprising a radially outer 
annular flange positioned in spaced rel«tion to 25 
Rhe inner surface of Rhe cylinder, a closed ring 
having one side next to Rhe flange .and closely 
slidably fltting the inner cylinder surface but 
radially ouRwardly spaced ïrom Rhe sleeve within 
the outer perimeter of Rhe flange about Rhe sleeve, 30 
said ourlet means supplying ourlet fluid pressure 
to a side of the closed ring, s«id housing port sup- 
plying said other fluid pressure to the opposite 
side of said closed ring, and means including a 
spring to actuate said sleeve in response to said 85 
ourlet and oRher fluid pressures for regulating 
said port means and said spring bising Rhe closed 
ring in a sense to hold the latter ag«insR the 
flange. 
10. In combination in a valve, a structure in- 40 
cluding a housing forming a cylinder having fluid 
pressure inlet and ouRleR means and a port to 
another fluid pressure, a valve guide portion in 
the cylinder having a fluid port means opening 
from said in]et to said ourlet means, a piston 
sleeve valve member on Rhe guide to regulate the 
fluid port means in response to said ouRleR and 
other fluid pressures and comprising a radially 
outer annular flange positioned in spaced rela- 
tion to Rhe inner surf«ce of the cylinder, a closed 
ring closely slidably fltting the inner cylinder sur- 
face but radially outwardly spaced from the valve 
member ithin the outer perimeter of Rhe flange 
about the valve member, said ourler means sup- 
plying ourlet fluid pressure to a side of Rhe closed 
ring, sald housing port supplying said other fluid 
pressure to Rhe opposite side of said closed ring, 
and means including a spring for biasing said 
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8 
valve member in opposition to one of the fluid 
pressures applied aR opposite stries of the closed 
ring for regulating said port means and holding 
the closed ring in fluid-tight relation to the 
flange. 
11. A regulating valve comprising a housing 
forming a cylinder, an end wall closing one end 
of said housing end including a fluid pressure 
ourleR, a guide having a body portion flxedly 
mounted in and clesing Rhe other end of said 
housing, an extension formed on said body por- 
tion and extending inRo said cylinder, said ex- 
tension being of lesser diameter than Rhe inner 
diameter of said cylinder and terminating short 
of said end wall, a fluid pressure inlet formed in 
said body portion, a bore formed in said ex- 
tension communicaRing with said in]et, port 
means opening from said bore to said ourleR, a 
valve sleeve having axially disposed bearings slid- 
ably mounted on said extension, one of said bear- 
ings being constructed and arranged to RhrotRle 
Rhe port means upon the movement of said v«lve 
sleeve relative to said extension, a piston head 
formed on one end of said valve sleeve, said piston 
head including a peripheral flange formed on 
said valve sleeve and of lesser diameter than the 
inner diameter of said cylinder, « closed ring 
closely slidably flRting said cylinder and con- 
structed and arranged for engagement wiRh said 
flange, spring means surrounding said extension 
and valve sleeve and mounted within said cylin- 
der and operative to bias said closed ring against 
said peripheral flange and through said closed 
ring said valve sleeve in one direction, a port in 
said cylinder opening Ro atmosphere and subject- 
ing one side of said piston head fo atmespheric 
fluid pressure, the opposite side of said piston 
head being subjected to Rhe fluid pressure aR said 
ourlet, whereby one of said last mentioned fluid 
pressures may effect movement of said valve 
sleeve againsR the bias of said spring means to 
Rhereby RhrotRle said port means as aforesaid. 
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